The impact of diseases depends on the dynamic interplay between host, pathogen and the 17 environment. Newly emerging diseases may be the consequence of novel pathogen 18 introductions that are typically associated with unpredictable outcomes, as their interaction 19 with the host in a novel environment is unprecedented. Alternatively, new diseases may 20 emerge from latent, previously established, pathogen populations that are triggered by 21 changes in environmental factors like weather, agricultural practices and ecosystem 22 management. Verticillium stem striping recently emerged in British oilseed rape (Brassica 23 napus) production from a latent Verticillium longisporum population. V. longisporum is a 24 hybrid fungal pathogen consisting of three lineages, each representing a separate 25 hybridization event. Despite its prevalence, little is known of the pathogenicity of the British 26 V. longisporum population. In this study, the pathogenicity of British isolates was tested on 27 four different cultivars of three different Brassica crop species as well as on the model plant 28
Introduction 39
Verticillium fungi cause wilt diseases on hundreds of plant species of which many are 40 economically important crops. Verticillium dahliae is the most notorious member of these 41 fungi and can cause severe yield losses in crops like olive and cotton (Fradin and Thomma plants exhibit chlorosis, vascular discoloration and stunting at an early stage. The reasons for 82 these differences in symptom development are currently unknown. Nevertheless, despite 83 differences in disease symptomatology, it has previously been determined that root-dip 84 pathogenicity tests in the glasshouse are a good proxy for oilseed rape cultivar resistance 85 under field conditions (Knüfer et al. 2016) . 86
Emerging diseases pose threats to natural and cultivated ecosystems (Fisher et between 20 and 28°C during the day, and a minimum of 15°C overnight. Before sowing, 121 seeds were surface-sterilized during 1 min in 70% ethanol, followed by 15 min in 1% 122 commercial bleach and then rinsed four times with sterile water. These sterilized seeds were 123 then sown in trays with sterile compost and kept in the glasshouse for 14 days. These two-124
week old seedlings were inoculated by dipping the roots for 30 min in a suspension of 1x10 6 125 conidiospores ml -1 . Conidiospores were obtained from three-week old cultures grown on 126 potato dextrose agar plates. Fifteen plants were inoculated for every V. longisporum strain 127 and 15 control plants were dipped in sterile water instead of a conidiospore suspension. 128
Individual seedlings were planted in 9 cm square pots with 4:1:1 compost:sand:loam mixture 129 and pots were placed according to a random block design. The potting mixture had been 130 autoclaved twice for 60 min with 24h between each treatment. Plants were grown for 6 weeks 131 before harvesting. Plants were harvested by cutting the stem just above the hypocotyls and 132 pooled in 5 groups of three plants. Above ground dry weight was subsequently determined by 133 drying the samples at 100°C for a minimum of 12 h. Pathogenicity tests were executed twice 134 to confirm the virulence responses of the different strains. In addition, stem samples were 135 taken and pooled into 5 groups to determine the relative fungal colonization of the V. 136 longisporum strains. Stem pieces of 1 cm, just above the hypocotyls, were cut. During the 137 repeat experiment, Quartz plants were only grown until 25 days after inoculation to guarantee 138 sufficient plant biomass to extract DNA from as longer growth periods could lead to complete decay of the plants ( Figure S1 ). Furthermore, in the second pathogenicity test, 140
Chinese cabbage plants were inoculated with a water suspension of 5x10 5 conidiospores ml -1 , 141 instead of 1x10 6 conidiospores ml -1 . 142
Arabidopsis thaliana (Col-0) plants were grown in a different glasshouse where the 143 temperature was kept between 19 and 21°C and the same light/dark regime was used 144 (16h/8h). Four plants of every treatment were grown. Plant inoculation occurred three weeks 145 after sowing and roots were dipped for 10 min in a water suspension of 10 6 conidiospores ml -146 1 . Above-ground plant material was harvested for real-time PCR analysis three weeks after 147 inoculation. started with an initial denaturation step at 95°C for 10 min, followed by 40 cycles of 15 s at 170 95°C, 1 min at 62°C and 30 s at 72°C. Specific amplification was verified running a melting 7 curve: samples were heated to 95°C for 15 s, cooled down to 60°C for 1 min and heated 172 again to 95°C for 15 s. Signals above 36 cycles are considered below the detection limit. 173
DNA of the Arabidopsis plants was isolated according to Fulton et al. (1995) . (Figure 1) . In contrast, PD356 was the least virulent V. longisporum strain, especially 207 on oilseed rape, where no significant reductions in biomass accumulation were observed 208 upon inoculation ( Figure 1A-B ). PD356 inoculation significantly reduced the plant biomass 209 of Clapton and Hilton but nevertheless it was one of the least aggressive isolates ( Figure 1C Intriguingly, although the devastating outcome on the oilseed cultivars Quartz, no significant 217 biomass reduction was observed when Incentive was infected with PD589 ( Figure 1B) . 218
To determine to what extent the symptomatology correlates with the amount of V. 219 longisporum biomass inside the plant, V. longisporum DNA was quantified inside the stems 220 relative to the amount of plant DNA. Verticillium spp. are xylem colonizers, hence stem 221 colonization is a good indication for strain aggressiveness. In correspondence with the 222 observed disease symptoms, PD356 and PD715 were weak Brassica colonizers, as both 223 strains were generally not detected in the stem, except for Hilton where PD715 was detected 224 in four of the five samples ( Figure 2) . In contrast, all other V. longisporum isolates could be 225 detected in most cases. In Quartz, PD589 was clearly the best colonizer, whereas the British 226 and the A1/D1 strains were approximately present in equal levels (Figure 2A) . The 227 colonization of the detected isolates was negatively correlated with the aboveground biomass 228 of Quartz plants (r = -0.6526, p = 2.148x10 -5 ). In Incentive, significant differences in the 229 colonization of the pathogenic isolates were observed, although these were not significantly 230 correlated to plant biomass (r = -0.2745, p = 0.1105) ( Figure 2B ). Intriguingly, although no 231 significant biomass reduction was observed upon infection of PD589 on Incentive (Figure  232 1B), PD589 was able to colonize the stem to a similar extent as the A1/D1 strains. In Clapton, 233 high differences in colonization of the same isolates were observed between biological 234 replicates ( Figure 2C ). In correspondence with Quartz and the disease symptoms, PD589 had 235 the highest median colonization level, which was significantly higher than that of PD639 and 236 VLB3. The fungal colonization of the detected isolates was also negatively correlated to the only Brassica cultivars with detection for PD715, however, no differences in colonization 239 between the isolates were observed ( Figure 2D) . Similarly, PD715 was also detected in 240
Arabidopsis for half of the inoculated plants and no significant differences in colonization 241 were found between the treatments (Figure 3) . 242 243
Discussion 244
Emerging diseases are often received with concern as their rise is threatening and their final 245 diseases, Verticillium stem striping it threatening for British oilseed rape, as the impact on 258 yield is still relatively uncertain. In this study the pathogenicity of four British V. 259 longisporum isolates from different counties was compared with five previously 260 characterized strains including strains from all V. longisporum lineages ( Table 1 ). The British 261 isolates caused significant reduction in the aerial biomass of all the cultivars tested and 262 colonized plants successfully (Figure 1-3) . The disease level of British isolates resembled 263 those of the other two A1/D1 lineage isolates (PD639 and VLO1) as plant colonization 264 caused significant yield reductions on all Brassica crops (Figure 1) . V. longisporum lineage 265 A1/D1 can therefore generally be considered pathogenic on Brassica crops. This corresponds 266 with a previous V. longisporum pathogenicity test that considered A1/D1 as the most virulent 267 V. longisporum lineage on oilseed rape and cauliflower (Novakazi et al. 2015) . caution. Lineage A1/D3 was considered non-pathogenic on oilseed rape (Zeise and 278 Tiedemann 2002) . However, this pathogenicity study showed, along with a previous study, 279 that non-pathogenicity of lineage A1/D3 cannot be generalized on oilseed rape (Novakazi et 280 al. 2015) . Lineage A1/D3 isolate PD715 was non-pathogenic on oilseed rape and was also not 281 detected in the stem after inoculation. In contrast, PD589 is a strong Brassica stem colonizer 282 ( Figure 2 ) and caused severe disease symptoms in Quartz ( Figure 1A ). Intriguingly, this was 283 in contrast with the symptoms on Incentive that, despite extensive stem colonization, 284 tolerated infection by PD589. 285
Interspecific hybridization is an intrusive evolutionary mechanism that alters host striping in the UK, the extent to which this disease may contribute to losses in British oilseed 293 rape is better understood; British V. longisporum strains are as pathogenic as other A1/D1 294 strains isolated from various geographical regions and given similar climatic constraints at 295 these locations, Verticillium stem striping is therefore expected to have similar outcomes as 296 in countries where the disease was previously established such as Germany and Sweden. 297
However, the British V. longisporum population is genotypically more diverse than the ones 298 Nevertheless, these recent findings should be an incentive in oilseed rape breeding programs 301 to select for Verticillium stem striping resistance, especially as protective or curative control 302 by conventional fungicides is not possible for Verticillium diseases. The bars indicate the median V. longisporum biomass relatively to the stem biomass. Isolates with no bar and ND in the graph were not detected in all 5 biological replicates. Significant differences were calculated with the Mann-Whitney U-test (p<0.05) and depicted by different letter labels. No significant differences in colonization between isolates were found in Chinese cabbage cultivar Hilton. The number between brackets gives the amount of samples without detection. No number is given if the fungal colonization in all replicates was detected. Error flags represent the standard error.
Figure 3: Fungal biomass accumulation of various Verticillium longisporum strains in Arabidopsis plants.
The bars indicate the median V. longisporum biomass relatively to plant biomass. Isolates with no bar and ND in the graph were not detected in all 5 biological replicates. No significant differences in colonization of the different isolates were found (Mann-Whitney U-test, p<0.05). The number between brackets gives the amount of samples without detection. No number is given if the fungal colonization in all replicates was detected. Error flags represent the standard error.
